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Abstract 
Fish fauna is a renewable and mobile natural resource whose reproduction and 
movements are still relatively uncontrolled by man. The maintenance of a sat­
isfactory level of sea fishing activities requires a healthy marine environment 
if we are to preserve the species. After comparing two different natural sys­
tems of food procurement (livestock and fish rearing) and highlighting the ad­
vantages of fish farming, with respect to pasturage for the production of low­
cost animal protein, the analysis addresses the sustainability of different pro­
ductive systems in the fisheries sector. An Italian case study is presented on a 
special form of extensive fish farming, vallicoltura, which demonstrates a 
compatible use of the highly sensitive lagoon environments. 

Resume 
La faune piscicole represente une ressource naturelle, renouvelable et mobile, 
dont la reproduction et les deplacements ne sont encore que peu contr6tes par 
l'homme. Maintenir un niveau satisfaisant d'activite halieutique exige un en­
vironnement marin salubre propice cl la conservation des especes. Apres une 
comparaison entre deux systemes naturels d'approvisionnement (elevage de 
betail et de poisson) qui permettra de souligner les avantages de !'elevage 
aquacole sur les pdturages pour la production de proteines animales cl bas 
cout, l'analyse se centrera ensuite sur la soutenabilite des differents systemes 
de production dans le secteur piscicole. 11 sera presente un cas ita lien dans 
lequel une forme particuliere d'elevage aquacole extensif, la valliculture, con­
stitue une utilisation compatible d'environnements particulierement sensibles 
comme l'est le milieu lagunaire. 

inequitable distribution of 
goods and services. Sus­
tained development, on 
the contrary, entails that 
demographic growth is in 
harmony with the devel­
opment of the productive 
potential of the system. In 
practice, sustainable de­
velopment requires that 
the rate at which natural 
resources are depleted 
does not preclude future 
opportunities or if such 
preclusion is necessary 
that it be as limited as 
possible. A "sustainable" 
model, therefore, can be 
defined as "a process of 
change in which the ex­
ploitation of resources, in-
vestment trends, the ori­
entation of technological 

It would be desirable if, 
in the future, men were to 
adopt a sustainable ap­
proach to development, 
such as to safeguard the 
environment and respect 
natural resources by main­
taining their stocks over 
time. The principal objec­
tive of development is to 
satisfy needs and aspira­
tions but the growth in the 
number of goods is not al­
ways sufficient for this 
purpose. The system of de­
velopment hitherto pur­
sued has led to a break­
down in the equilibrium 
between biological time 
and historical time. Biological time refers to the timescale 
used to represent biological evolutionary processes, whose 
units are measured in millions of years. On the contrary, 
men, in general, use resources with reference to a timescale 
that follows the rhythms of development and production 
needs. Unfortunately, this is often unsustainable. 

development and institutional changes are in harmony with 
one another and able to increase the present and future po­
tential to satisfy human needs" (World Environmental and 
Development Commission, 1988). 

Biological time is also a measure of the future. Thus, the 
breakdown in the equilibrium is bringing about planetary 
variations within a timescale short enough to produce ac­
celerations in the biological clock (Tiezzi E.,1988). For ex­
ample, a numerical increase in the population can increase 
pressure on non-renewable and renewable natural resources 
and slow down the quality of life, exacerbated by an often-

1 T~e present study is included in the National Project, 5th Plan for 
Ftshery and Aquac~lture "The interactions between Fishery, Aqua­
culture and the Environment: Sustainable Development Models and 
the Impact of Sectoral Policies" . It has been co-ordinated by Prof. G 
Trevisan. 

'f Department of Statistics - section Economics and Agricultural Poli­
cy - University of Venice. She wrote pr. n .2 and 5. 

'f'" Derartment of Economics and Agricultural Engineering -Universi­
ty 0 Bologna. He wrote pr.n. 1,3 and 4. 
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However, sustainable development also implies other 
consequences and not just those entailed by economic 
growth alone. It calls for a change in the content of the 
growth itself so as to reduce the intensity with which mate­
rials and energy are used and make the environmental im­
pact of growth more acceptable. 

The concept of environmental resources as a "natural cap­
ital" now accepted by many economists, is important for 
understanding the economic role played by the environ­
ment, in terms of sustainability, in the development process. 
If it is accepted that natural resources as whole represents 
assets able to provide a not unlimited flow of goods and 
services, we can treat such assets as if they were a financial 
capital and thus assign a certain profitability to them (de­
termined by the natural laws that govern environmental 
processes). Such assets can be periodically exploited, but 
only as regards the share that can be used without prejudic-
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ing future consumption or diminishing the initial capital. 
The bank savings metaphor is useful for defining what 
takes place in nature as it concerns renewable resources. 
Thus, if an individual consumes more than the periodically 
maturing interest, which is the only useable share, he will 
prejudice his initial capital. If, for example, a natural re­
source (say 1,000 tons) is able to regenerate itself at an an­
nual rate of 10%, exploitation cannot exceed this limit with­
out compromising its natural renewable capacity. If anthro­
pogenic activities subtracted 200 tons of resources per an­
num, in a period of only fifty years, the initial natural capi­
tal would be reduced to less than 50% (the capital in the 
first year is 1,000 tons and after five years it would be re­
duced to 389.5 tons) and after 8 years of activity the re­
source would no longer be able to satisfy man's needs. Of 
course, this very simple hypothesis does not take into ac­
count the complex and often non-linear relationship be­
tween the growth in biological components and economic 
growth. And, this is a particularly significant limit in the 
case, for example, of fishing: bio-economic models have 
recently been introduced to provide a better understanding 
of systemic phenomena. 

The simplest dynamic model used to describe the trend 
over time of the quantity of a given renewable resource (i.e. 
able to grow and reproduce itself, for example, a forest 
and/or a fish population) introduces a set of natural and en­
vironmental factors that influence the growth dynamics of 
the resource (Antonelli G. et aI, 2002). The quantity of the 
available resource is based on the following equation: 

x(t+l) = x(t) + F(x(t)) - H(t) (a) 
where: 
t: represents time, which is presumed to be made up of in­
tervals or periods; 
x(t): is the measure of the available resource (i.e. the bio­
mass) 
F(x): is the growth rate of the resource (difference between 
the birth and death rate) referenced to a given period; 
H(t): represents the quantity of the resource removed in the 
time unit (in the case of fish resources it represents the fish 
caught). 

Figure 1. Growth functions of a natural resource: example of 
linearly diminishing growth 
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If, for example, the quantity removed from the natural re­
source were virtually zero, the growth dynamics would es­
sentially depend upon the biological properties of the pop­
ulation in question and the characteristics of its environ­
ment. These factors are included in the function and the 
trend is usually assumed to be diminishing. This is because 
where there are few individuals, the external environment 
encourages a birth rate higher than the death rate on account 
of the abundance of food, space, hiding places, etc. The re­
lationship, however, becomes inverted when population 
growth, as a result of environmental limits, (understood as 
a set of vital resources), provokes a reduction in the birth 
rate and an increase in the death rate. 

Therefore, the trend in function F (indicated as xR(x)) is 
graphically in decline and, thus, can be represented as a 
parabola. An example is set out in figure 1. The value r = 
R(O) is termed intrinsic growth rate (part 1) and the value 
K=O - in which R(K)=O is defined as the sustaining capac­
ity - is the value of the population where the growth rate is 
nil, insofar as the birth and death rates are in equilibrium. 

In any case, given the value x (0) of the population over 
a certain time period t=O, if we know F(X):) we can calcu­
late the quantity of resource x(t) in the successive periods 
t= 1,2,3 or the temporal evolution of the quantity of the re­
source. They are two stationary states: 
x = 0: is represented by the equilibrium of extinction (or 
non - existence); 
x = K: is represented by the sustaining capacity. 

From the definition of the equilibrium it follows that if 
the system were, in a given moment, to find itself in one of 
these two stages, it would be stable in subsequent periods 
as well. However, the two equilibriums behave differently 
if the value of the population is slightly altered with respect 
to the equilibrium value. Thus, in the case of X=O, a small 
increase in the resource will be amplified and thus the suc­
cessive values x(t) obtained by repeating the function pre­
sented will definitively move away from the original equi­
librium. In the case of the equilibrium x=K the endogenous 
forces of the system will tend to diminish each small move­
ment, thus bringing the value X(t) back to the original e­
quilibrium. This is because F(x) >0 to the left ofx = K, and 
F(x)<O to the right of x = K. 

Therefore a single globally-stable equilibrium is 
achieved, that is, starting from any initial condition, the val­
ue of the population reaches the cited value of x=K after a 
certain period of time, which represents the long-term val­
ue. 

However, the situation changes significantly when re­
movals occur, which, in the case of fish population, can be 
defined as "the fishing effort" and, for example, will depend 
on the number of fishing boats and time dedicated to the ac­
tivity. The equation (a) gives us: 

H(t) = qEx(t) 
where: 
q: is the level of technology reached; 
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Figure 2. Growth functions of a natural resource : example of the 
influence of the fishing force 

y= qEx(E) 
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Source: Our calculations, based on Antonelli G. et al "Modelli teorici e principi gui­
da per uno sfruttamento sostenibile delle risorse nel settore della pesca" in Trevisan 
G. (edited by). Il prodotto ittico, Consumo, Qualid, Commercializzazione. Acts 
of II Study Conference, Venice, 11-12 October, 2000. 

1. it is the principal source of resources and services from 
which the most important productive and consumption 
processes begin; 

2. waste from productive and consumption processes re-
turns to the ecosystem. If the latter did not possess an in­
trinsic capacity to assimilate and transform waste prod­
ucts into a new re-utilisable resource, the economic sys­
tem would very quickly collapse. 

Thus if we did not include the environmental factor in , . 
any productive cycle, the activity would appear as a hnear 
system. Production P (the result of production processes) is 
aimed at the creation of consumption goods C. The purpose 
of consumption activities is to produce utility for the indi­
vidual. However, the productive system starts with the in­
put into the cycle of goods of renewable and non-ren~wa~le 
natural resources (N). The picture, therefore, remams m­
complete on account of the failure to take account of waste 
products (as will be indicated in the circular model) in the 
various phases of the process (of production and consump­
tion). 

A sustainable productive system can be achieved by 
E: is the fishing force and mainly depends on the number of moving from the linear to the circular model (figure 3). If 
fishing boats; the productive process is linked to natural resources, three 
(t): is the time fraction dedicated to the activity:. new interrelated functions of the environment and the re-

The equilibrium value of (x) becomes a functIon of an ef- sources can be discerned, namely: 
fort inferior to the sustaining capacity x = x(E)<K (figure 1) the supplier of resources; 
2). With the growth in effort E, the equilibrium acquires 2) the receiver of waste; 
ever small values, until it reached zero with E > Ee where 3) the direct source of utility. 
Ee is the point beyond which fishing activity takes on the Because they possess a value, these are economic func­
characteristics of un sustain ability. This means that the high- tions. If they were sold and/or bought on the market they 
er the fishing effort, the smaller the equilibrium value and, would have a price. Dangers arise from the erroneous use of 
that there will be a long-term evolution leading to the ex- the natural environment deriving from the fact that such 
tinction of the resource, if the effort were to exceed the functions and their values are not considered positive. Sus­
threshold value of Ee. With EMax we intend to depict the tainable development, therefore, implies the choice of dif­
maximum possible exploitability of the re- ~------':'~~---~------=-----.:....--=------------, 
source possible to keep sustainable production Figure 3. Circular economic system 
unchanged in relation to the sustaining capacity 1--------------------------1 

of the resource in question. 
Some interesting relationships can be deduced 

from figure 2. The first is fundamental for pro­
duction based upon renewable resources: a larg­
er fishing force implies greater fish production 
in the short term, but in the long term the vol­
ume fished dwindles (with E > EMax), up until its 
total extinction in the case of E > Ee. 

The second indicates that, if we commenced 
from a condition of equilibrium with a given 
value E, when the latter is changed, a transitory 
period would be determined with non-equilibri­
um dynamics, to then reach a new equilibrium 
point, although an extremely negative one, such 
as the extinction of a resource. 

Therefore the natural capital performs two 
fundamental functions for the economy without 
which anthropogenic activity would experience 
development difficulties. In particular: 
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ferent forms of behaviour to be observed by society ac­
cording to the attention attributed to the protection of natu­
ral capital. However, if the concept of sustainable develop­
ment is now accepted by the international scientific com­
munity, it is still possible to find extremely different types 
of behaviour within it. 

2. Evolution of the fish-resources manage­
ment theory 

Fish fauna represents a renewable and mobile natural re­
source, whose reproduction and movements are still mostly 
outside men's control. Maintaining sea fishing activities at 
a satisfactory level calls for a healthy marine environment 
in which the species can be preserved. It follows that fish­
ing must be regulated and managed in such a way as to pro­
tect marine ecosystems and safeguard resources. 

The ecological impact upon coastal ecosystems of the ex­
cessive fishing effort has been higher than any other "dis­
turbance" originating in human activity, including pollu­
tion, the deterioration of the quality of the water and an­
thropogenically-determined climatic changes (Jeremy et 
al.,2001). 

In a study by Botsford et al. (1997) it was shown that 44% 
of world fish stocks were intensively or totally exploited, 
16% over-exploited, 6% exhausted and only 3% of the s­
tocks slowly recovering (figure 4). 

The causes of this situation are in part to be found in the 
failure of the measures used to manage seawater fish popu­
lations, which at present are mainly centred on the certain 

Figure 4 . Level of exploitation of the world's seawater fish popu­
lation in relation to biomass and fish death rate 

Fishin&-mduced mortal~ 

Source: Botsford et aI., 1997 

target species and not upon the ecosystem as a whole. 
These management instruments are mainly based on three 

theories: 
• Maintenance over time of the production of resources de­

riving from the exploitation of natural populations and e­
cosystems (Maximum Sustainable Yield) 
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• Maintenance over time of the profit deriving from the ex­
ploitation of natural populations and ecosystems (Maxi­
mum Economic Yield) 

• Maintenance over time of the abundance of populations 
and the diversity of ecosystems. 
The first of these models, described in the following para­

graph, limits itself to considering the relations between the 
fishing effort and sustainable production. "Sustainable" 
qualifies the characteristics of exploitation. It describes a 
type of catch that will ensure the continuance of fishing ac­
tivities. An enhancement of this model, also in the absence 
of regulation, takes account of expected returns. In this case 
it is easy to demonstrate that the economic optimum is rep­
resented by Emey (figure 5). It can also be observed that the 
equilibrium maximising profit does not coincide with MSY, 
that is with the maximum sustainable yield. In both models 
the approach adopted is "populationistic", exclusively 
based on fishing biology and derived from considerations 
based on a single exploited stock. 

Figure 5. Maximisation of sustainable revenue 
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For over thirty years the concept of MSY was the basis 
for the management of fishing resources. In most cases it 
sets out to ensure profit maximisation for fishermen 
through the maximum possible exploitation, but to a degree 
compatible with the biological growth of the target species. 

The use of the term "sustainable" for MSY has been 
shown to be inappropriate because on account of environ­
mental fluctuations, the MSY catch, every year from a s­
tock, can lead to unexpected and unforeseen negative con­
sequences. 

In an attempt to remedy the numerous situations of over­
exploitation an instrument has been introduced in recent 
years (a system of transferable fishing permits) to regulate 
the fishing effort2. Many authors believe that the sole crite­
rion of economic efficiency is often insufficient to guaran­
tee the survival of fish resources and that, therefore, man­
agement policies should address the question of the pre­
vention of the extinction of the species and preservation of 

2 The system of transferable permits provides that the stock of a given 
species will be estimated and that later the maximum quantity to be 
caught will be fixed (the Total Allowable Catch) . The TAC is bro­
ken down among fishermen who can exclusively fish the part assi­
gned to them. 
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the maximum level of biodiversity of an ecosystem 
(Granzotto et aI, 2001). 

In addition, it should also be noted that the management 
systems hitherto adopted are solely based on the observa­
tion, monitoring and knowledge of a single target species. 
If we wish to speak about sustainable development in the 
future it is necessary for us to consider all the resources in­
volved in fishing activities and the damage, including indi­
rect damage, that this can cause. Therefore, the manage­
ment of fish resources moves from the "fishing biology" 
level of a single or a few target species to the ecosystem, 
"fishing ecology" level, which not only considers the 
knowledge of the target species but also the effects upon 
non-target species and the physical environment as a whole. 

3. World fish production: various levels of 
food sustainability 

World fish production in the last decade has offered two 
different growth patterns referring, respectively, to fishing 
operations and fish farming. 

In the case of catches, the latest trend has levelled out at 
a high but hardly improvable level on account of the rela­
tions between the catches and the growth in the resources, 
and these, in their turn, have led to a progressive rise, 
throughout the world, in "fishing bans", the elimination of 
certain fishing techniques that destroy the ecosystem and 
the limitation on the fishing of certain species. In 2001, the 
overall world value stood at about 92 million tons, repre­
senting an 8% increase with respect to 1990 (FAO, 2004). 

The fish produce obtained from fishing activities is pri­
marily accounted for by East Asian, United States and Pe­
ruvian companies (figure 6). In fact, the first five countries 
produce 40% of the entire world catch, which rises to 58% 
if the first ten producer countries are also considered. 

The breakdown of the catch shows the prevalence of ma­
rine fish species: herrings, sardines and anchovies histori­
cally constitute the principal component (figure 7). 

It is also interesting to note that catch growth patterns in 

Figure 6. Catch patterns : firts 5 countries (000 tons) 
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recent years have more or less stabilised in relation to the 
biological re-population capacity and laws imposed by the 
various country. The only exception is China, which is the 
only country in the world to have recorded a net increase up 
until 1998. After this date its production levelled out, but 
the country still ranks first in fish production. This trend is 
also true in the case of the analysis of groups of fish and of 
the single species. 

Instead a quite different picture emerges for fish-farming 
development patterns over the same reference period. The 
fish produce obtained from fish farming facilities, which 
recorded an 11 % growth in the last decade, is the food sec­
tor with the highest and most constant growth. Production 
volumes rose from 13 million tons in 1990 to 31 million 
tons in 1999 while the most recent estimates indicate that 
production from fish-farming facilities may outstrip live­
stock production in the first years of the new millennium. 
This undoubtedly significant growth indicates a real change 
in consumers' eating habits. 

In the last century the world made use of two natural sys­
tems for food procurement: pastureland and ocean fishing 
to satisfy the growing demand for animal protein. Higher 
levels of meat and fish production require either higher con­
centrations of livestock on pastureland or fish in fish farms 
or an increase in production facilities. Therefore, the effi­
ciency with which livestock and fish transform cereals into 
protein must be redefined in relation to production trends 
and the correlated diet emerging from consumer demand. 

About 7 kilograms of grain are needed to fatten livestock 
by 1 kilogram, while fish can increase their weight by 1 k­
ilogram with, in some cases, less than 2 kilograms of nutri­
ent. In addition, considering the fact that water scarcity has 
become too serious problem to be ignored, we should re­
member that 1 ton of grain requires a thousand times more 
water by weight. Thus conversion yield, clearly in favour of 
fishing, also increases its value when the relative savings in 
water consumption are considered (including the need for 
water in fish farm rearing tanks). Albeit an introductory 
overview, these facts suffice to demonstrate the advantage 
of fish farming over pasturage in the production of low-cost 
animal protein. 

Unlike meat production, which is concentrated in indus­
trialised countries, about 85% of fish farming produce is 
produced in developing countries. In 1998, China account­
ed for 21 million tons with respect to the world total of 
about 31 million (amounting to about 68%), followed at a 
great distance by India with 2 million tons. Among indus­
trialised countries, the three leaders are: 
1. Japan: production is about 800 thousand tons, mainly 

represented by premium species such as molluscs and 
oysters. At present its inhabitants (about 125 million) 
consume about 10 million tons per annum (amounting to 
about 80 kg of fish per capita). 

2. The United States: production is about 450 thousand tons 
of which most is catfish. 

3. Norway: salmon represents the most important species 
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and overall production amounts to about 400 thousand 
tons. 
Although at least 220 species of fish and shell fish are 

husbanded, one dozen species alone account for most of the 
world trade. As concerns fish, five species of carp (virtual­
ly an exclusive Chinese production) occupy the first place, 
whose combined production represents about 11 million 
tons (1998). Among the shellfish, Olympia oyster, followed 
by Yesso molluscs and the blue mussel predominate. 

As stated, the farming of some species of carp, included 
in the agricultural - food chain according to the specific 
needs of the territory and its resources, is particularly im­
portant in China. Silver carp and bighead carp nourish 
themselves by filtering water and feeding on phytoplankton 
and zooplankton. Field carp feeds on vegetation, while the 
common carp is virtually omnivorous. Most of the fish 
farming activities in China is integrated with traditional a­
gricultural activities. The sediments and residues from s­
tock rearing are used to fertilise the tanks thus enhancing 
the proliferation of plankton. 

In the United States, catfish is the top species in fish pro­
duction. We should also remember that the ratio of nutri­
ment to growth, certainly one of the lowest, and thus the 
most convenient among farmed species, is 1.611 . Recently 
catfish consumption overtook lamb and mutton (about 1 k­
ilogram for each citizen per annum). In the Mississippi area 
fish farms have been set up with an overall extension of 
about 45 thousand hectares, accounting for 60% of total 
production. 

4. The sustaipability of pro~'1ctjve systems, 
~ ~9mpanson between fish tarmmg ana 
tishmg 

The term fish farming refers to the set of activities and 
technologies for the production of aquatic organisms by 
controlling one or more phases of their biological cycle in 
the environment in which they develop. In addition, fish 
farming has stimulated an important process of specialisa­
tion so that all the produce from this activity is earmarked 
for human consumption unlike fishing where a significant 
part of the catch is still used for non-food purposes. 

Fish farming activities can have a negative impact on nat­
ural resources. It can modify habitats, use areas that are typ­
ical feeding grounds for quality marine species in their ear­
ly development and prevent some adult fish species (eels, 
mullet, seabass, seabream) from returning to the sea to re­
produce as fish farming facilities are placed at the mouths 
of lagoons, thus reducing the availability of eggs and lar­
vae. Furthermore, the effects on autochthonous communi­
ties and the risks of genetic pollution are well known in cas­
es of fish escaping from fish farming facilities, and also in 
this circumstances the consequences can be disadvanta­
geous for fish at large. 

Nevertheless the expectations generated by fish farming 
in terms of its contribution to a future fishing policy are 
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such that we can forecast it playing a role in the reduction 
of the fishing effort by substituting the latter in catering for 
the growing demand for fish produce, as well as offering fu­
ture opportunities such as, for example, restocking fish and 
sea farming models that in the case of artificial barriers can 
attract and protect quality marine species. 

Furthermore, intensive sea farming facilities , as is known, 
attract high-value fish species, and this effect can be put to 
good use for the conservation and protection of some age­
categories of sea fish. In other words, work should be un­
dertaken to optimise the competitive opportunities offered 
by the relations between fishing and fish farming in order to 
simultaneously improve the way the sea is used and con­
served. 

According to a recent report by FAO, as stated earlier, the 
annual rate of increase in fishing will soon reach zero 
worldwide while the average catches, relative to conven­
tional marine resources, are by now close to the ceiling of 
maximum stock exploitation. Consequently, traditional 
fishing activities do not seem able to make further increas­
es, without irreversibly impoverishing resources. If we 
analyse the fishing trends in the most important marine en­
vironments in relation to the areas of exploitation and the 
maximum potential level achievable, we can note a marked 
decline in the percentage rate of variation, which, in the 
case of the Atlantic Ocean, has already amply exceeded the 
threshold of exploitation, while the Pacific Ocean has 
reached the threshold of the maximum potential level. The 
Indian Ocean and the Mediterranean appear to be suscepti­
ble to a further increase of, respectively, 4% and 2% before 
reaching the maximum exploitation threshold. 

However, it is worth recalling that if fishing is the major 
factor in fish stock depletion, an unequivocal relationship 
between stock exploitation and reduction has not been 
demonstrated as other environmental causes (pollution, 
changes in the nutrient chains, variations in thermal sys­
tems) can also be factors in the impoverishment of fish re­
sources. 

The concomitance of such factors, together with the pro­
gressive increase in food demand was the first cause for the 
development of fish farming. In recent decades fish-farm­
ing operations have recorded a constant and regular in­
crease worldwide. 

With regard to the species reared in fish farms, it should 
be noted that, although a limited number of species have 
undergone genetic improvement processes, most of the 
aquatic organisms reared are very similar or identical to 
their counterparts in nature. This calls for sound biodiversi­
ty protection measures, as the actual phase of water species 
domestication can be compared to that of terrestrial animals 
whose husbandry first began some hundreds of years ago. 
From the quantitative point of view, the number of the taxa 
of aquatic animal organisms subject to husbandry is in con­
tinual increase and the potential is still notable as studies on 
the techniques of reproduction and farming have only been 
limited to species of greatest commercial interest. 
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It is obviously important to attempt to reduce the fishing 
effort, as the principal production and commercial procure­
ment activity. However, this poses the question, on the one 
hand, of the professional reconversion of human resources 
and, on the other, of the safeguarding of the environment 
and the containment of negative externalities. Fish farming, 
feasible in both internal and marine waters, can still raise 
environmental problems, which must be carefully moni­
tored. The negative environmental effects that can be found 
are related to the intensity of the fish farming operations 
while the main causes of environmental impact are attribut­
able to feeding and the hygienic conditions of the farms j as 
set out below, in relation to the use of: 
• feed and the subsequent catabolic release; 
• antibiotics, antiparasitics and bacteriostatics; 
• disinfectant products, biocides and disincrustants. 
and the concentrations of products of animal catabolism. 

The effects that the use of chemical products can gener­
ate are: 
1. toxic action with acute mechanisms; 
2. toxic action with chronic mechanisms; 
3. the increase in biological oxygen demand (BOD); 
4. the eutrophication of the receiving waters; 
5. suspended solids. 

In addition to the foregoing environmental effects there 
are a series of more general interactions with the natural en­
vironment. These effects refer to the production of waste 
(spent oils, plastic, special laboratory waste .. . ) generated 
during the fish production! processing cycle, and at present 
governed and constrained by special laws and regulations, 
as well as discarded produce, such as, for example, dead 
fish (either involuntarily released with waste water dis­
charges or disposed of by specialised companies). 

It can be stated that by introducing fish farming and re­
placing fishing two main aspects come to the fore, one pos­
itive and the other negative: 
1. Positive: it reduces the damage caused by the traditional 
fish catch as it introduces a sustainable production system 
that takes account of the whole biological cycle up to the 
consumption of the raw material "fish" ; 
2. Negative: the intensity of the farming produces a chemi­
cal impact on the environment and releases types of pollu­
tion that are often incompatible with the self-regenerating 
cycle of the environment. 

The positive aspects can be further enhanced by some 
landscaping, tourist and recreational functions typical of 
some facilities (especially the extensive type which is more 
easily integrated into the environment), the increase in re­
sources for angling and the provision of food for piscivo­
rous bird fauna. 

Some of the negative effects on the environment due to 
intensive fish farming can be limited by appropriate man­
agement and plant operation choices, among which: 
• the use of low-environmental impact feed; 
• the use of distribution techniques designed and situated to 

avoid waste; 

32 

• the controlled turnover of the water; 
• the periodic removal of the sediment at the bottom of the 

tank and its possible recycling; 
• the maintenance of a good level of oxygenation even in 

the deepest parts of the tank; 
• controlling the water temperature with appropriate 

turnover of the water and the possible installation of cov­
ers; 

• the use of filtering systems; 
• controlled waste management (chemical, biological and 

dead fish). 
In addition to introducing these arrangements in plant 

management, limiting environmental impact requires, first 
and foremost, the constant monitoring of incoming and out­
going water. It is obvious that this operation is simple for 
land-based facilities as there are specific arrival and dis­
charge points for water. At sea, on the other hand, the oper­
ation is more complex and account must be taken of the 
prevailing currents and winds. 

At this point it would be appropriate to present an Italian 
case in which lagoon fish farming is compatible with the la­
goon environment. Operations such as the "Nord Adriatica" 
lagoon fish farm are models of extensive fish farming that 
also promote the conservation of sensitive environments. 

The lagoon facilities, especially those of the coastal belt 
of the Upper Adriatic, have always sustained many activi­
ties (fishing, hunting, agriculture, artisanship, tourism) that 
share a strong dependency upon the environment and which 
are reciprocally compatible in their functions. The cen­
turies-long practice of lagoon fish-farming, (vallicoltura : 
lagoons created by building barriers in marsh or wetland) 
which represents an efficient productive use of marshland, 
has made a significant contribution to this environment up 
until our own times. Not only does the habitat retain its nat­
ural characteristics, but these operations also constitute an 
important source of revenue for the surrounding territory, to 
which generations of lagoon fish farmers have contributed 
through the expert administration of both productive and 
environmental resources (Donati, 1992). 

At present, the lagoon areas created by barriers (valli) 
have reached a reasonable equilibrated state, due to an ap­
propriate interaction between the territory, the natural state 
of the physical elements, the water system and economic 
activities. Actually the need to safeguard natural compo­
nents involved in lagoon fish farming and wetlands has 
been recognised recently, including an "active" manage­
ment which fishing and fish farming can provide. The e­
quilibriums established in the course of centuries are clear­
ly delicate and the impact of external factors does certainly 
not favour conditions of stability. 

A full understanding is therefore needed of the productive 
processes at play in these lagoon areas if we are not only to 
determine the conditions for their reproducibility in relation 
to new environmental situations, but also permit the devel­
opment of "complementary factors" in the use of environ­
mental resources. Thus, it should be noted that the constraints, 
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introduced by the legislator purely aimed at the protection of 
the resources, would actually compromise the many forms of 
interdependence that have, hitherto, made it possible to avoid 
the excessive intensification of one productive activity at the 
~xpense of others. This is the case of fish farming, which has 
)een widely introduced in lagoon areas. In Emilia, it was de­
:ided to maintain the original multi-functional facility and ac­

.:entuate integrated forms of management. Integration and mul-
ti-functionality are, therefore, aspects that can enable more than 
any others the internalisation of the inevitable environmental 
maintenance costs, which progressively increase as fish man­
agement becomes more intensive. . 

Fish farm facilities can be designed in different way, each 
with a different environmental impact and consequently differ­
ent sustainability improvements: 
1. extensive: this is a characteristic of lagoon fish farm habitats 

and is conducted in both marine and brackish lagoon waters. 
An extensive farm means a farm in which nutriment is ac­
quired totally from the trophic network of the environment 
without any external input. In this case men take care of en­
vironmental health questions. There is no doubt that this type 
represents an efficient synergy between productive factors 
and the safeguarding of environmental resources. The main 
constraints concern the yields as they are limited with re­
spect to the capital and land locked up. For these reasons, ex­
tensive fish farms are often complemented by other activities 
such as hunting, angling and, more recently, rural tourism. 
The average production can be estimated as between 50 and 
300 kg/hectares. 

2. semi-intensive: The principal difference with respect to the 
preceding type of farming is that supplementary nutriments 
are administered in addition to the natural nutriment of the 
fish. As a rule the elements introduced have a limited pro­
teinic content and! or are agricultural side-products. Usually 
production does not exceed 4 tlhectare. 

3. intensive: this type of farming is wholly dependent upon ar­
tificial nutriment and other production factors. Its develop­
ment is modelled on the example of trout fish farms and 
large-scale use has been made of sophisticated feeding and 
water-oxygenation technologies. Intensive farm facilities in 
Italy are mainly represented by facilities with artificial 
basins where a single species with high biomass concentra­
tions (circa 10/30 kg/ml) is farmed. 

Various factors have contributed towards the spread of inten­
sive fish farming, including the use of techniques tried and test­
ed in traditional animal husbandry, enriched by advance exper­
imentations specific to the sector. In addition, animal feed 
techniques have been able to sustain the increases requested by 
the farms by proposing such innovative products as extruded 
feeds able to provide ever higher energetic quotas, along with 
the good digestibility of the proteinic element thus ensuring 
that nutriment levels in the fish farm and plant discharge water 

are kept within legal limits. Side by side with the research for 
animal feed, fish rearing technologies have been implemented 
that have led to the introduction of water oxygenation systems 
for the control of chemical-physical parameters of the water. 

5. Some empirical evidence 
After this analysis of the relations between economic and en­

vironmental needs, we would like to conclude with a case s­
tudy. In the first part we shall briefly dwell on the trend in the 
sales and prices of fish products in some Veneto markets - a re­
gion where lagoon fish farming has, for centuries, flanked fish­
ing - and subsequently, make a comparison between the pro­
duce caught and the produce farmed (bream, mullet and bass). 

On data provided by the wholesale markets of Venice and 
Chioggia, the sales trends of the fish were analysed over a suf­
ficiently long period (figure 8 and 9). On average, in the three­
year period 2001-2003 the total landed! delivered product sold 
in the foregoing markets was 8,580 tons, overall, of which 
about 7,100 tons from the sea, 920 from lagoons and 560 from 
lagoon farming. 

In the Venetian market, classified by operators as a "con­
sumer market" even if it no longer represents a major reference 
point for the sale of fish from lagoons and the Upper Adriatic, 
the supply of lagoon farmed fish (at present about 1,500 quin­
tals on average per year) accounts for 10% of total local pro­
duction (sea, lagoon, valle salsa [lagoon fish farms]), even if 
supplies exhibit a highly irregular pattern. Thus quantities can 
vary from a minimum in the summer period to a maximum in 
the winter when, for bad weather or storms, sea fishing pro­
duction is low or end-of-year festivities stimulate demand. 

Lagoon fish farming, albeit with variations, has maintained a 
constant production trend from the 1970s to the present day. 
Sea and lagoon fished produce, on the contrary, underwent a 
strong decline in the period from 1980 to the present day, de­
spite having exhibited strong growth in the period from the 
post-war to the 1970s, when they reached a peak of respective­
ly 2,700 and 2,300 tons. 

This growth in sea and lagoon fished produce was the result 
of new technologies (motorised fishing boats, refrigerator cells) 
that caused a significant increase in the catch. However, these 
technologies did not influence lagoon fish farming, which, as is 
known, depends wholly upon the characteristics of the closed 
lagoon habitat. 

The steep fall off in production for lagoon fish farms in the 
mid 1970s and the 1980s was the result of events that led to dy­
strophic conditions. Instead, the strong decline in sea-fished 
produce during the last decade was mainly the result of the 
over-exploitation of the resource. In the case of the lagoon 
fished produce, on the other hand, the decline is attributable 
less to the scarcity of product than to the heightened interest of 
fishermen in Tapes Philippinaruml (2), whose production, inso-

3 This species, which originally came from the Pacific, was introduced in 1983 in the Lagoon of Venice and later in other places in Italy for com­
mercial reasons. Philippinarum shellfish, which are very similar to their indigenous congener decussatus, are now more common. The difference 
with respect to the autochthonous Tapes decussatus is not apparent to the non-expert. Essentially, it refers to the form of the shell, which is shor­
ter, bulkier and with a ligament margin forming a less smooth angle with respect to the rear border 
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Figure 8. Quantities sold in the Venice fish market by origin (sea, lagoon fish farm) The bass and seabream sold in 
the market in question are almost 
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far as it is not sold through the market, has not been recorded 
among the lagoon shellfish produce. Moreover, the collec­
tion/traWling of this shellfish by destroying the grounds or la­
goon floor, has caused serious damage to the ecosystem of the 
lagoon and consequently comprised the production of lagoon 
fish. 

Similarly, the analysis of the historical trends of the Chioggia 
market reveals a variable production trend (figure 9). A tenden­
tial growth trend can be noted up until the first years of the 

wholly lagoon fish farm produce. 
On the other hand, mullet, in re­
cent years is mainly sea fished 
produce. 

The data allow us to obtain in­
dications on the variability of the 
quantities sold on the market and 
the consequent variability in 
prices. It should also be noted that 
the sales curves referring to la­
goon fish-farmed produce peaks 
in the autumn and dips to a mini­
mum in summer. Consequently, 
the prices are highly unstable: the 
minimum level is reached in the 
autumn and the maximum in the 
three months of June, July and 
August. 

It can be noted that, in general, 
the profitability of marine species (despite a brief rally in the 
last few years), especially seabream, has undergone a consider­
able reduction due to the competition from lagoon fish farms, 
intensive fish farms and imported produce. However, it is worth 
stressing that the prices of lagoon fish-farm bream and mullet 
are notably higher than those fished at sea. 

However, given that most of the production of lagoon fish 
farms does not pass through the markets, their quotations could 
actually be different with respect to their market prices. 

1980s, followed by a substantial reduction in 
catches in the following twenty years. 

While lagoon-farmed produce, albeit with major 
oscillations, reveals a more or less constant trend 
of about 350 tons per annum, marine and lagoon 
fished produce has rapidly declined in the last two 
decades. At present sea fished produce amounts to 
about 6 thousand tons with respect to the 16 t­
housand tons recorded at the start of the 1980s, 
while lagoon fished produce fell, in the same time 
period, from over 2 thousand to little more than 
200 tons. 

Figure 9. Quantities sold in the Chioggia fish market by origin (sea, lagoon, 
fish farma) 

In 2003 total landed produce sold through this 
market was, overall, 10 thousand tons, of which 
6,700 tons produced locally and 3,300 imported 
from other national and foreign markets. The local 
produce is made up for 90% by sea fish, 6% by la­
goon-farmed fish and almost 4% by lagoon fish. 

The preference of lagoon fish farmers for the 
Chioggia market is interesting. The companies 
seem to attribute more importance to this market, 
where the quantity of fish sold is double that of 
Venice, even if, generally speaking, it is more dis-
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tant. The reasons for this preference are mainly to be sought in 
the greater flexibility and functionality of the structure and 
greater price stability (Boatto et al., 1985). 
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In addition to problems of excessive exploitation, which will 
not allow for the increase in the production of some species in 
the future, there remains the undeniable problem for Italy of a 
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strongly deficitary balance of payments for fish products. As 
regards the strong increase recorded in imports we can note that 
the imports of bream for example, from 1996 to 2000, rose 
300% nationally. 

For this type of fish, moreover, we have found a strong dis­
parity between domestic production, notably limited, and high 
consumption levels (especially if we consider that extra-do­
mestic consumption has not been included). 

With regard to the growth in consumption, on the other hand, 
we should note that about 56% of the world's population ob­
tains at least 20% of their dietary animal protein from fish. Ac­
cording to FAO estimates, there will be a significant increase in 
the demand for fish produce in relation to the increase in the 
world's population. Therefore, average worldwide per-capita 
consumption could grow from 16 kg to 19-21 kg by 2030. And 
in view of the fact that fish catches will remain virtually stable, 
on account of the excessive exploitation of natural stocks, the 
difference between the resources available and increased de­
mand can only be made good by fish farming. 

6. Conclusions 
Fishing is by now generally recognised as one of the causes 

of the change in marine biodiversity, and, in some cases, the de­
partures from the equilibrium state of the ecosystems and the 
serious losses of economic and ecological resources. In order to 
implement a more rational management of biological resources 
the scientific community is slowing shifting from the "popula­
tionistic" approach, based on a single species target, to a holis­
tic approach that addresses the far- reaching ecosystemic ef­
fects that fishing has upon the trophic chain as well as upon the 
interaction between the species, the structure and dynamics of 
the populations, the effects on non-commercial species and the 
physical environment. This new approach entails that the char­
acteristics of the territory must be exploited in a more equili­
brated manner by favouring the economic activities that can 
best adapt themselves to the requirements of a modem envi­
ronmental policy. 

Without doubt fish farming represents an important example 
of the possibility of [non-harmful] interactions between human 
activities and environmental conservation and, at the same 
time, an economically valid dEwelopment model. However 
some scholars (Naylor et al., 2000) underline what they see as 
the inherent paradoxes of this activity. In their view it repre­
sents a possible solution to the excessive exploitation of some 
stocks and the problem of the disparity between the availabili­
ty of resources and potential demand, but at the same time it is 
also a factor leading to the collapse of the stocks on account of 
the discharge of pollutants. Yet fish farming production systems 
are different and their impact can, consequently, be very differ­
ent on the activities of the ecosystem. 

Extensive fish farms such as, for example, lagoon fish farms, 
where fish growth is exclusively related to natural productivity 
of the aquatic habitat, represent a model in which the interest of 
the operator not only concerns the organisms reared but also the 
environment. Such low-energy content farming methods, with 
respect to the more productive intensive systems, have the un-
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doubted advantage of contributing towards environmental con­
servation, whose maintenance in an optimal state lies at the ba­
sis of the company's economic viability. 
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